The engraftment failure associated with Abs to donor-specific HLA (DSA) limits options for sensitized BMT candidates. Fourteen of fifteen patients with no other viable donor options were desensitized and transplanted using a regimen of plasmapheresis and low-dose i.v. Ig modified to accommodate pre-BMT conditioning. DSA levels were assessed by solid-phase immunoassays and cell-based crossmatch tests. DSA levels were monitored throughout desensitization and on day − 1 to determine if there was any DSA rebound that would require additional treatment. A mean reduction in DSA level of 64.4% was achieved at the end of desensitization, with a subsequent reduction of 85.5% after transplantation. DSA in 11 patients was reduced to levels considered negative post-BMT, whereas DSA in three patients remained at low levels. All 14 patients achieved donor engraftment by day +60; however, seven patients suffered disease relapses. Four patients experienced mild, grade 1 GVHD. Factors influencing the response to desensitization include initial DSA strength, number, specificity, DSA rebound and a mismatch repeated from a prior transplant. While desensitization should be reserved for patients with limited donor options, careful DSA assessment and monitoring can facilitate successful engraftment after BMT.
INTRODUCTION
The use of donors partially mismatched for one or more HLA alleles and full HLA haplotypes has increased in recent years to expand the number of potential donor options and to expedite rapid transplantation of patients for whom no unrelated donor exists or the time required for unrelated donor searches may be prohibitive. [1] [2] [3] [4] [5] [6] [7] At the same time, numerous reports have associated the presence of donor HLA-specific Abs (DSA) with increased risk of engraftment failure. [8] [9] [10] [11] [12] [13] [14] [15] Although the risk imposed by high levels of DSA has been recognized since the late 1980s, 16 the use of highly sensitive solid-phase immunoassays for HLA-specific Abs has increased the number of BMT candidates recognized to have lower levels of pre-existing sensitization. Using these techniques, the rates of sensitization range from 20 to 40% of patients with any HLA Abs and up to 24% of patients with DSA. 9, 11, 13, 14, [17] [18] [19] [20] In a retrospective analysis of nearly 300 consecutive cases of candidates for transplant with HLAmismatched donors at the Sidney Kimmel Comprehensive Cancer Center, we found that 14.5% of patients had DSA to one or more potential HLA-haploidentical donors. 20 Not surprisingly, the DSA incidence was higher among females than among males (31% vs 5%) and was highest among parous females (42.9%).
Limited donor options and/or an urgent need to proceed to transplant have led us and others to attempt various means to lower DSA to levels that would permit successful donor stem cell engraftment. 9, 15, [20] [21] [22] [23] [24] Protocols have included adsorption of Abs on Staphylococcus protein A columns or with donor platelets; treatment with the proteasome inhibitor bortezomib; and various combinations of plasmapheresis (PP) with i.v. Ig (IVIG) and/or the anti-CD20 monoclonal Ab, rituximab (reviewed in Zachary and Leffell 24 ). The majority of these reports have been anecdotal, including from one to four cases, but taken together have indicated that reduction of DSA to low levels can permit successful engraftment. Among recent reports, Ciurea et al. 15 treated four patients with a combination of PP and rituximab before their haploidentical, mobilized PBSC grafts. 15 DSA reduction was achieved for three patients. Two patients with DSA reduction engrafted, whereas one patient with reduction and one with no reduction both experienced graft failure. The desensitization approach of these authors consisted of two weekly doses of rituximab at 375 mg/m 2 and two sessions of total volume PP starting 2 weeks before transplant. In 2010, Costa et al. 21 successfully reduced DSA to a single HLA-DP mismatch for one patient who engrafted with a PBSC graft from an unrelated donor. Their approach involved PP on days − 3 to − 1 followed by infusion of IVIG at 1000 mg/kg. Norlander et al. 22 treated two patients with HLA-specific DSA who were to receive umbilical cord blood stem cell transplants with a combination of total volume PP, rituximab and IVIG. One patient received 10 PP treatments before transplant and the other had four PP pretransplant and three post transplant. Both received one dose of rituximab at 375 mg/mm 2 , 2 weeks pretransplant and one dose of IVIG at 250 mg/kg after completion of all PP. These authors also used two umbilical cord blood stem cell units to increase the cell dose in an effort to reduce the risk of Ab-mediated rejection of the graft; however, engraftment was only achieved for one patient. Yoshihara et al. 9 have tried three desensitization approaches for five patients who were to receive either BM or PBSC grafts from haploidentical donors: a combination of PP and rituximab; adsorption with platelets; and administration of the proteasome inhibitor, bortezomib. One of the two patients treated with PP and rituximab received PP on day − 11 and the other received PP on days − 17, − 15 and − 13. Both were given a single dose of rituximab at 375 mg/mm 2 . DSA reduction was achieved for one patient, but not the other; however, both engrafted. The most impressive reduction of DSA was achieved by these authors with platelet transfusions of 40 U of platelets from healthy donors selected to have the HLA Ags corresponding to the DSA. For two patients so treated, the DSA were reduced to very low levels and both patients engrafted. In contrast to either the combination PP/rituximab or platelet transfusion, administration of bortezomib at 1.3 mg/m 2 on days − 18 and − 15 resulted in only a slight decrease in DSA for one patient, but who did engraft despite the DSA. Treatment solely with IVIG has been tried for one patient who was to receive BM from an HLA-haploidentical donor. Ishiyama et al. 23 gave 400 mg/ kg of IVIG from day − 2 to +2. Only a moderate decrease in the DSA was observed and the authors speculated that the patient's engraftment was facilitated more by the IVIG preventing rapid destruction of donor cells through Ab-dependent cell-mediated cytotoxicity than by DSA reduction. 23 For our BMT recipients, we have used a modification of the PP and IVIG regimen developed at the Johns Hopkins Comprehensive Transplant center that has been highly successful in transplantation of more than 200 renal recipients. 25 Our series of nine patients who underwent desensitization during their HLAmismatched, reduced-intensity allogeneic BMT is the largest published to date. 20 A notable feature of our series was that the nine patients who were treated all had relatively high levels of DSA, that is, levels that were positive at flow cytometric crossmatch (FCXM) or complement-dependent cytotoxicity crossmatch (CDC XM) levels. The DSA in all but one patient were reduced following treatment to levels well below that consistent with a positive FCXM, and the eight patients subsequently transplanted all fully engrafted. We report here an update of our series with six additional patients successfully desensitized and describe our protocols for evaluation of DSA, determining patient eligibility, assessing the extent of desensitization required and monitoring the Ab course during desensitization. From our experience to date, we further provide observations on the relative levels of DSA that permit successful engraftment as well as the levels and types of DSA that may be less responsive to desensitization.
MATERIALS AND METHODS

Patient eligibility
Desensitization was considered for patients who met our institutional clinical criteria for HLA-mismatched reduced-intensity allogeneic BMT and who had no other related or unrelated donor to whom they did not have DSA. Other factors considered included a patient's ability to undergo PP and the likelihood of reducing the DSA to levels below detectability by flow cytometry (discussed below). Demographics of the 15 patients included in this report are given in Table 1 .
Ab evaluation HLA-specific Abs were defined and their relative levels determined as previously described using both single HLA phenotype (LIFECODES class I ID, LIFECODES class II IDv2; Immuncor, Stamford, CT, USA) and single HLA Ag panel immunoassays (LABScreen Single Ag class I-Combi and LABScreen Single Ag class II Antibody Detection Test-Group 1; One Lambda; Thermo Fisher Scientific, Canoga Park, CA, USA) on the Luminex (Austin, TX, USA) platform. 20 To reduce interference in the single Ag assays, euglobulins were depleted from test sera by hypotonic dialysis. 26 The relative DSA levels were based on correlations of the median fluorescence intensity (MFI) values with CDC XM or FCXM tests, as well as with actual donor XMs. 27 Reactions in the immunoassays with MFI values 41000 were considered positive. Although the reactivity ranges for different Ab specificities varied, in general, MFI values ⩾ 5000 in the phenotype panels and values ⩾ 10 000-15 000 in single Ag assays were consistent with a positive FCXM. MFI values ⩾ 10 000 in the phenotype panels and ⩾ 10 000 when tested at a 1:8 dilution in single Ag assays correlated with positive CDC XMs. Higher thresholds were used with Abs to HLA-C, -DQ and-DP Ags as the solid-phase assays are enhanced for detection of these specificities. Pre-and post-PP samples were tested to monitor both the effect of desensitization in reducing DSA levels and whether there was any Ab rebound between treatments. The pre-PP level on day − 1 was evaluated to determine if there had been any substantial rebound during the conditioning interval. Post-transplant Ab monitoring was performed on post-transplant days +3 and +5, as needed for DSA rebounds, and then on days +7, +14 and +30. To control for dayto-day variation in the solid-phase assays and to determine the percentage increase or decrease in Ab levels, the MFI values were normalized as a ratio to the positive control values in each assay.
Conditioning, GVHD prophylaxis and desensitization regimens The conditioning, GVHD prophylaxis and desensitization regimens were as described previously. 20 Briefly, the non-myeloablative conditioning and GVHD prophylaxis consisted of: Cy (14.5 mg/kg per day) days − 6 and − 5, fludarabine (30 mg/m per day) days − 5 through − 2, TBI (200 cGy) day − 1, day 0 infusion of an unmanipulated BM graft (target 4.0 × 10 8 nucleated cells per kg recipient ideal body weight), CY (50 mg/kg) days +3 and +4, mycophenolate mofetil days +5 through +35, tacrolimus days +5 through day +180 and filgrastim (5 μg/kg per day) day +5 through neutrophil recovery (41000 /μL). Abbreviations: MM = mismatch; Tx = transplanted.
Desensitization of HLA Abs for BMT MS Leffell et al
The desensitization treatment consisted of alternate-day, single volume PP followed by IVIG (100 mg/kg), tacrolimus (1 mg, i.v. per day) and mycophenolate mofetil (1g two times daily) starting 1-2 weeks before the beginning of BMT conditioning, depending on each patient's starting DSA levels. 20 The number of PP/IVIG treatments planned for each patient was based on experience with desensitization of renal transplant candidates at the Johns Hopkins Comprehensive Transplant Center. 28 The number of PP/ IVIG treatments was estimated based on the starting donorspecific Ab levels correlated with flow cytometric or CDC XM tests (Table 2 ). Additional risk factors that were considered in determining the extent of desensitization included the presence of multiple DSAs; the presence of any HLA mismatch repeated from a previous transplant; a child-to-mother transplant; and if the relative DSA level was increasing before the initiation of treatment. As PP could not be given during the pretransplant conditioning or with the post-transplant CY on days +3 and +4, treatments were given before conditioning with one additional treatment on the day before infusion. For patients with only lowlevel DSA below that which could be detected in an FCXM, one PP/IVIG treatment was given on day − 1. A total of four to five treatments were planned for patients with Abs at FCXM+ levels, and three to four treatments were performed before conditioning, with an additional treatment on day − 1. Additional treatments for patients with starting FCXM+ levels were prospectively planned on days 1 and 2 and canceled if not needed based on DSA levels on day − 1. A minimum of five to six treatments was scheduled for patients with DSA at CDC XM+ levels, with additional treatments on day − 1, and on days +1 and +2. For patients with CDC XM titers 44 (log base 2), desensitization was not undertaken and other therapy options were considered.
The DSA levels were monitored during desensitization to ensure sufficient DSA reduction before the initiation of pre-BMT conditioning. The number of treatments before active conditioning was extended in one case because of a delay in donor availability and in another case because of the patient's clinical status. For patients experiencing an increase or rebound of DSA on day − 1, if not already prospectively scheduled, one to two additional PP/IVIG treatments were scheduled on day +1 and day +2 depending on the extent of the DSA increase; that is, for DSA rebounds approaching or reaching FCXM levels, one or two additional PP/IVIG treatments were planned and additional monitoring was performed on days +3 and +5 to determine if additional post-BMT treatments were needed. If there was only a modest increase with the DSA remaining well below flow cytometric detectability, no further treatment was given.
Engraftment monitoring Engraftment was evaluated at days +30, +60 and +180 via microsatellite PCR detection of PB chimerism for both total leukocyte and sorted T lymphocytes. Mixed donor chimerism was defined as ⩾ 5%, but o 95%, donor. Full donor chimerism was defined as ⩾ 95% donor.
RESULTS
The DSA specificity, starting levels and percentage of DSA reduction following desensitization are given in Table 3 for the 15 patients included in this report. The first nine patients were previously reported and all had pretreatment DSA at XM+ levels. 20 Of the additional six patients treated, three had FCXM+ DSA levels (patient nos. 10, 13 and 14). The three other patients had DSA below a positive FCXM level, but were given one PP/IVIG treatment on transplant day − 1 because of other risk factors, including a rise in the DSA level before the initiation of desensitization for two patients (nos.12 and 13) and the presence of multiple, low-level DSA in the other patient (no. 10). Substantial DSA reduction was achieved in all 15 patients by the end of the desensitization regimen, with a mean reduction of 64.4% and individual reductions ranging from 33.1 to 93.9%. In the 14 of 15 patients transplanted, there was a further reduction in DSA post BMT, with a mean reduction of 85.5% at last follow-up (range = 59-99.9%). There was only one patient (no. 7) for whom desensitization failed to reduce the DSA to a level that was thought to be safe for BMT. This patient had the highest starting level of DSA, CDC XM+ with a titer of eight before desensitization. Despite a 64.7% reduction from starting levels and three additional PP/IVIG treatments, the DSA remained at an FCXM+ level. As this patient was to receive full myeloablation, the transplant was canceled.
DSA levels in pre-PP samples were monitored on days − 7 and − 1 to determine the occurrence of any substantial increases in DSA during the conditioning period when no PP/IVIG treatments were given. The results of the Ab testing for the 11 patients who received more than one PP/IVIG treatment are given in Table 4 . Five patients (nos. 2, 4, 8, 11 and 14) had no DSA rebound during the conditioning interval and, in fact, demonstrated some additional decrease in the relative DSA level. For three of these The relative Ab level on day − 1 should be monitored for all patients to determine the extent, if any, of rebound during the conditioning interval. c Slight DSA increases that remain below an FCXM+ level may not require any post-BMT treatment, whereas increases approaching or consistent with an FCXM+ level may require treatments on day +1 and day +2, respectively. Post-BMT PP/IVIG treatments should be considered for patients with DSA at either FCXM or CDC XM levels as higher starting levels may be less responsive to desensitization and may be more likely to experience a substantial rebound during the conditioning period. e For patients with starting DSA at a CDC XM+ level, monitoring on day +3 and day +5 is recommended to determine if any further intervention is needed.
patients (nos. 8, 11 and 14) , the decreases resulted in a lower relative FCXM level than was present on day − 7 when the conditioning was started. Four patients (nos. 1, 3, 5 and 6) experienced some increase in their DSA during conditioning. In these four cases, the DSA had been substantially reduced by the treatments before conditioning and the observed increases did not alter the relative FCXM level from that present on day − 7. Two patients (nos. 9 and13) experienced substantial DSA rebounds during the conditioning interval, resulting in relative DSA levels consistent with a positive FCXM. Among the six patients who experienced any DSA increase, all were parous females, in comparison with the five patients with no DSA rebound, among whom two were parous females.
The Ab trends and responses to desensitization for the two cases with substantial rebounds are illustrated in Figures 1 and 2 . In the first case, patient no. 9 had DSA to two HLA class II mismatches, HLA-DR4 and -DR53, with her haploidentical donor. Both of these Ags were repeated mismatches with a BMT performed a year earlier using marrow from another related donor. Before treatment, the DSA to HLA-DR4 was at a FCXM+ level, whereas the DR53 Ab was at a relatively low level. Three PP/ IVIG treatments before conditioning and one treatment on day − 1 were planned. The course of the strongest DSA to HLA-DR4 is shown in Figure 1 . Owing to rebounds of the DR4 DSA between the first three treatments, additional treatments were scheduled. The DSA was reduced following the third treatment, but some Abbreviations: CDC XM = complement-dependent cytotoxicity crossmatch; DSA = donor HLA-specific Ab; FCXM = flow cytometric XM; F/U = follow-up; MFI, median fluorescence values; ND = not done; PP/IVIG = plasmapheresis and i.v. Ig treatments; Tx = transplanted; vFCXM = DSA levels consistent with a positive FCXM; XM = crossmatch. To control for interassay variation, the MFIs were expressed as a ratio to the positive control value in each assay. The percentage of Ab reduction from the pretreatment level was determined using these normalized values. Patient no. 7 was not transplanted as desensitization did not reduce the DSA below a positive FCXM level. a The DSA increase was before the initiation of desensitization. The relative DSA level at last follow-up Ab testing is given. Neg = DSA that was undetectable or below the level considered positive; low level = MFI values for DSA were well below a level consistent with a positive FCXM, that is, MFI o 3000 for HLA-A, -B and -DR Ags, with higher values for HLA-C, -DQ and -DP. The slight increases and decreases in DSA levels were not sufficient to change the relative Ab strength.
Desensitization of HLA Abs for BMTrebounding continued following treatments four to six, with a gradual decrease to a level consistent with a negative FCXM achieved after nine treatments. During the conditioning interval, the DSA increased by 86.8% to a level slightly higher than before treatment; however, following the day − 1 treatment, the BMT and one additional treatment on post-transplant day +1, the DSA levels were well below that associated with a positive FCXM. By day +21, the DSA to both DR4 and DR53 were negative in the solid-phase immunoassays. The course of patient no. 13 was complicated by a delay in the start of conditioning due to the patient's clinical status. Because desensitization had been started, treatments were scheduled to continue until the patient was clinically stable (Figure 2 ). During this time, gradual decreases in both the DSA to HLA-A26 and -DP2 were observed. A substantial rebound in both DSAs occurred during the conditioning interval, for which two post-BMT desensitization treatments were scheduled on post-transplant days +1 and +2. Following these treatments and the infusion of the BMT, the DSA levels on day +2 were well below those corresponding to a positive FCXM. However, another substantial DSA rebound was noted on days +4 and +5 following development of a neutropenic fever. One additional PP/IVIG treatment was given on day +7. There was a slight DSA rebound following this treatment, but not to positive FCXM levels. By day +30, the DSA to HLA-DP2 had decreased to levels considered negative, whereas the DSA to HLA-A26 remained positive, but at a level below that consistent with a positive FCXM.
The post-BMT status of the 14 patients transplanted following desensitization is summarized in Table 5 . All fourteen had engrafted by post-transplant day +60. Four patients experienced grade 1 GVHD with skin involvement. Despite initial engraftment, seven patients suffered relapses of their underlying diseases from 3 to 12 months after transplantation. All of these patients subsequently succumbed to their relapsed disease. Two other patients died from infections and one from a non-transplantrelated cause. Four patients remain disease free at a range of 1-3.9 years after BMT. The small numbers of patients, and their disease heterogeneity, preclude any comparison of these outcome data with our much larger group of patients who were transplanted without DSA.
DISCUSSION
Our results and those from other centers indicate that desensitization methods can reduce DSA to levels that permit successful T-cell engraftment after reduced intensity conditioning. 9, 15, [20] [21] [22] [23] [24] The key requirement appears to be sufficient reduction of DSA to prevent Ab-mediated destruction of donor cells before they can engraft. Among the different desensitization regimens, combinations of PP with rituximab and/or IVIG have been most often used and have demonstrated successful DSA reduction. 9, 15, [20] [21] [22] Treatment with high-dose IVIG alone was not very effective in the one BMT patient in whom it has been tried, 23 and it has been shown not to impact high levels of Abs in renal transplant candidates. 29 The proteasome inhibitor, bortezomib, to date, has only been tried in one BMT candidate with minimal DSA reduction. 9 In studies of renal transplants, preconditioning with bortezomib was found to affect only small, transient changes in Ab levels. 30 The time frame needed for bortezomib-induced Ab reduction, a median of 1.5 months, 31 may also be prohibitive for patients in urgent need of BMT. Further, bortezomib, in our experience with renal transplants, is not very effective against Ab to HLA class II Ags. 32 Norlander et al. 22 tried increasing the cell dose by using two umbilical cord blood stem cell units, which raises the question of whether larger cell numbers that might be achieved with mobilized PBSC might be used to overcome DSA. The experience of Yoshihara et al. 9 with platelet adsorption 9 supports this concept; however, whether or not increased donor cell numbers could overcome DSA likely would depend on the starting DSA levels. For patients with high DSA levels, that is, XM-positive levels, some desensitization would likely be needed even if a larger graft could be given.
The number of patients desensitized to date is too small to permit development of specific guidelines for successful treatment; however, from our experience, certain factors should be considered. The failure to reduce the DSA sufficiently in patient no. 7, whose pretreatment DSA level was at a titer of eight in a CDC XM, suggests that desensitization may be best attempted in candidates with lower starting DSA levels. Mismatches repeated in a second transplant to which the patient had developed DSA likely contributed to the difficulty encountered in reducing the DSA to HLA-DR4 for patient no. 9. Sensitization to the previous mismatches also was a probable cause of the substantial rebound of the DR4 DSA during the conditioning interval when the PP/IVIG treatments were discontinued. Ab specificity to different HLA Ag classes may be another factor for consideration as in the case of patient no. 6 with DSA to an HLA-DQ4 mismatch. Desensitization Figure 1 . The desensitization course for patient no. 9 who had DSA to HLA-DR4 and -DR53. Arrows indicate the timing and number of PP/IVIG treatments. The course of the strongest DSA to HLA-DR4 is given as a ratio of the MFI values normalized to the positive control to account for the day-to-day variation in the solid-phase immunoassays. 33 Drawing from our experience with both BMT and renal desensitization, the presence of low-level DSA to multiple Ags and increasing Ab levels before desensitization should also be considered as risk factors.
The two patients who experienced substantial DSA rebounds during the conditioning period emphasize the importance of monitoring Ab levels. In both cases, recognition of the DSA rebound prompted the addition of post-BMT treatment to help lower the DSA to a level permissive for engraftment. For patient no. 13, a second rebound of DSA was noted beginning on day +4 and increasing in level by day +5. This second DSA increase occurred after the patient developed a neutropenic fever, which is consistent with increases in HLA Abs provoked by infections and other proinflammatory events. 34 The course of patient no. 13 also illustrates the value of post-BMT Ab monitoring as, while the DSA to HLA-DP2 was effectively eliminated, the DSA to the HLA-A26 Ag persisted at a low level. The observation that all of the six patients who experienced some degree of DSA rebound during conditioning were parous females is consistent with higher degrees of sensitization among these patients. 20 As sensitization from pregnancy can result in not only humoral but also cellular sensitization, child-to-mother BMT should be considered as a potential risk factor.
While certain factors that may influence responses to desensitization can be identified, the exquisite sensitivity of current immunoassays has raised the question of what level of DSA is permissible for BMT. Our approach has been to reduce the DSA to a level well below that which would be detectable in a FCXM and this has permitted successful engraftment using our desensitization, conditioning and post-BMT immunosuppression regimens. From an ongoing retrospective review of 213 cases transplanted at our center with partially HLA-mismatched donors, 22 patients were transplanted in the presence of low levels of DSA without any desensitization intervention. Among these 22 patients, 19/22 (86.4%) had full engraftment by day +60 compared with 170/191 (89%) of DSA-negative patients (unpublished data). Although the results from both of our studies suggest that intervention may not be necessary for low levels of DSA, there is no clear definition of a 'safe' DSA level that may be applicable to other desensitization regimens. The thresholds for what Ab level is considered positive vary considerably among published reports, making it difficult to determine what defines a permissible level in other studies. The impact of DSA on longer-term outcomes also remains to be determined. Both increased rates of disease relapse and reduced OS have been associated with the presence of DSA in studies among recipients of umbilical cord blood stem cells. 18, 19, 35 In our series of 14 patients who were successfully desensitized and received allogeneic BM grafts, half suffered relapses of their underlying diseases despite achieving initial donor engraftment. Although infection can be a complication of PP, there were no infections complicating the post-transplant course among our patients whose disease relapsed; however, it is possible that the post transplant immunosuppression may have been a factor in these relapses. It should be noted that none of these patients had any other donor options that would have avoided DSA, and all but two of the relapsed patients had essentially cleared their DSA before their relapse. Whether or not the relapse rate among our patients is excessively high cannot be determined with such small numbers, and the influence of DSA on potential relapse and OS remains an open question. Both the criteria for defining acceptable levels of DSA and the long-term impact of the presence of any level of DSA clearly needs to be addressed in future and larger studies.
Although it is clear that our desensitization regimen can facilitate engraftment in sensitized recipients, it should be reserved for candidates with no donors to whom there is no DSA. Our approach to evaluating candidate treatment options is illustrated in Figure 3 . An HLA-identical related donor or a fully matched unrelated donor remain as preferable choices, but as the majority of patients lack a well-matched donor, partially mismatched related or unrelated donors are evaluated. Unrelated donor and/or cord blood units may be considered if the patient's clinical status permits the time required for registry searches. HLAhaploidentical donors offer two distinct advantages-ready availability and often multiple donor possibilities, which may, in many cases, allow selection of a potential donor to whom there is no DSA. Determination of the relative DSA levels is used to (1) evaluate the likelihood of successful desensitization and (2) to estimate the extent of treatment needed. It is highly recommended that estimates of DSA levels derived from immunoassays Abbreviations: MDS = myelodysplastic syndrome; SS = sickle cell disease; NT = not tested.
be confirmed with cell-based XM tests because current immunoassays for HLA Abs are at best only semiquantitative and are subject to inherent variability. 27, 36 As there are no algorithms to evaluate the collective strength of multiple Abs, actual XM tests also provide the best measure of relative DSA strength when two or more, low-level DSA are present. Desensitization is considered for candidates with moderate levels of HLA class I-specific Ab, that is, levels ranging from borderline FCXM positive to low-titer CDC XM positive. Because we have found HLA class II Abs to be less responsive to desensitization, 33 a lower threshold is used for these Abs. Generally, no desensitization is required for patients with low levels of DSA, that is, levels well below those associated with a positive FCXM; however, as previously noted, a single treatment on day − 1 may be considered if there are multiple low-level DSA or if the DSA is noted to be increasing in strength. Desensitization is not considered as an option for any DSA resulting in positive CDC XM at titer 44. Post-transplant Ab monitoring is routinely carried out in the first week post-BMT on days +3, +5 and/or +7 as needed to determine if there has been any DSA rebound that would require intervention. If desensitization is undertaken, good communication among all members of the transplant team, including the clinicians, histocompatibility directors, hemapheresis personnel, nurses and coordinators, is essential to ensure sufficient treatment for adequate DSA reduction. Given these considerations, desensitization can extend the opportunity for BMT to patients who harbor DSA to their only potential donors. 
